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Description 

The present invention relates to a vacuum pump, 
that is. a turbomolecular pump, wherein a plurality of 
rotor and stator blades which are combined together 
are rotated relative to each other under a low pressure 
such that any collision between gas molecules is neg- 
ligible to effect exhaustion of a gas. The present 
invention also pertains to a method of operating a 
vacuum pump of the type described above. 

A typical conventional turbomolecular pump will 
first be explained with reference to Fig. 1 . 

A conventional turbomolecular pump which is 
generally denoted by the reference numeral 1 
includes a motor 2, a motor shaft 3 for transmitting the 
rotational force derived from the motor 2, a rotor4 sec- 
ured, to the motor shaft 3. a plurality of rotor blades 5 
fixed to the rotor 4. a plurality of stator blades 6 each 
disposed between a pair of adjacent rotor blades 5» a 
spacer 7 having the stator blades 6 attached thereto, 
a casing 10 provided with a suction port 8 and an 
exhaust port 9, and a protective net 11 for protecting 
the rotor and stator blades 5 and 6. In operation, the 
motor 2 is driven to rotate the rotor blades 5 at high 
speed In a high-vacuum atmosphere sufficient to 
ensure that molecular flow is available, thereby suck- 
ing gas molecules from the suction port 8, compres- 
sing the gas at a high compression ratio and moving 
the gas toward the exhaust port 9, thus producing a 

high vacuum. 

The above-described conventional turbomolecu- 
lar pump suffers, however, from the following prob- 
lems. The gas exhausting performance of the pump 
depends on the molecular weight of a gas being han- 
dled by it When a gas having a low molecular weight 
Is being handled, the gas exhausting performance 
deteriorates to a considerable extent. The lower the 
compression ratio, the lower the gas exhausting per- 
formance. The blade speed ratio C, a parameter rep- 
resenting the compression ratio, is expressed as 
follows: 

C = VA/m 

(wherein V is the peripheral speed of the rotor blades 
and Vm is the maximum probability speed of gas 
molecules). 

The maximum probability speed Vm of gas 
molecules is expressed a s follows: 

Vm = V(2KT/M) 
(wherein M is the molecular weight of the gas, K is 
Boltzmann's constant, and T is the absolute tempera- 
ture of the gas). 

As will be clear from these expressions, the lower 
the molecular weight M of the gas, the higher the 
maximum probability speed Vm of the gas molecules 
and the lower the blade speed ratio C. Therefore, 
when a gas having a low molecular weight is being 
handled, the gas exhausting performance is low. 



Many problems are likely to occur in actual operation 
of the turbomolecular pump when the gas exhausting 
performance is low. 

Among the problems associated with gases hav- 
5 ing low molecular weights, the existence of water 
vapor, in particular, adversely affects the gas 
exhausting performance of the pump. In a system 
wherein a part of the system that is provided with a tur- 
bomolecular pump is open to the atmosphere and air 
10 flows into the system, the greater part of the residual 
gas under a vacuum of about 1(H Torr to 10-^0 Torr 
(1 0^ mmHg to 1 0-^^ mmHg) which is produced by the 
turbomolecular pump is water vapor. The residual 
water vapor has adverse effects on the degree of 
15 vacuum and the vacuum environment. 

In the case of using a cryo-vacuum pump that 
employs a helium refrigerator and a heat exchanger 
which provides uitra-low temperatures of from about 
15*»K to about 20°K, the gas exhausting character- 
20 istics in regard to water vapor are improved and it is 
therefore possible to cope with the above-described 
problems to a certain extent. However, such a cryo- 
vacuum pump involves the following problems: 

(1) Since a refrigerator for ultra-low temperatures 
25 is used, it tal<es a long time to start and suspend 

the system. 

(2) Since the pump is a capture type one, i.e. it 
freezes and traps most gas molecules, it must be 
regenerated for a long period every time a pre- 

30 determined load is run and completed. 

(3) Since the sublimation temperature differs 
depending upon the kind of gas molecules, vari- 
ous kinds of gas molecules are separated from 
each other and successively discharged from the 

35 pump at high concentrations as the temperature 

of the heat exchanger rises during a regenerative 
operation, and it is difficult to treat various kinds 
of gases which are discharged separately. In par- 
ticular, in semiconductor manufacturing proces- 
40 ses, toxic, highly-corrosive, explosive and 

combustible gases, for example, monosilane 
(SiH4). hydrogen fluoride (HF), etc., are used that 
are diluted with inert gases such as nitrogen (N2), 
helium (He), etc., and it is therefore extremely dif- 
45 f icult to handle these various kinds of gases that 

are discharged separately. 
It might be considered possible to combine the 
conventional turbomolecular pump and cryo-vacuum 
pump in order to overcome the above-described prob- 
50 lems. However, with such a combination, most gas 
molecules exclusive of hydrogen and helium 
molecules would be freeze-trapped in the cryo-vacu- 
um pump and therefore the provision of the tur- 
bomolecular pump would become meaningless. 
55 In view of the above-described disadvantages of 

the prior art. it is an object of the present invention to 
provide a turtiomolecular pump the operation of which 
is capable of effectively exhausting gases having low 



3 EP 0 332 

molecular weights, particularly water vapor, and the 
operation of which is easy to start and suspend, as 
well as being capable of operating on a continuous 
basis. 

It Is anoth er object of the present inve ntio n to pro- 5 
vide a method of operating the above-described tur- 
bomolecular pump. 

To these ends, according to one of its aspects, the 
present invention provides a turbomolecular pump 
having a rotor provided with a plurality of rotor blades iq 
and a spacer provided with a plurality of stator blades 
so that gas molecules are sucked in from a suction 
port, compressed and discharged from an exhaust 
port, wherein the improvement comprises: a heat 
exchanger provided inside the suction port, the heat 15 
exchanger being connected to a refrigerator through 
a refrigerant pipe; and a gate valve provided on the 
upstream side of the suction port. 

The refrigerator preferably has the capability of 
supplying a refrigerant cooled to from about -1 00°C to 20 
about -190°C and it is preferable either to employ as 
the refrigerator one which is capable of defrosting or, 
if the refrigerator is not capable of defrosting, to 
further provide a heater at the suction port. 

According to another of its aspects, the present 25 
Invention provides a method of operating a tur- 
bomolecular pump comprising: an exhaust step In 
which a gate valve provided on the upstream side of 
a suction port is opened and, in this state, water vapor 
is freeze-trapped by a heat exchanger provided Inside so 
the suction port; and a regeneration step in which, 
with the gate valve closed, the water vapor freeze- 
trapped is thawed and released. 

The regeneration step preferably includes either 
the step of switching over the operating mode of a ref- 35 
rigerator from the refrigerating mode to the defrost 
mode or the step of effecting, with the refrigerating 
capacity of the refrigerator maintained or lowered, 
heating in excess of the refrigerating capacity by 
means of a heater which is provided at the suction 40 
port. The regeneration step, however, may also be 
effected by just closing a gate valve and continuing 
the exhaust operation of a turbomolecular pump. 

To conduct a gas exhausting operation, the gate 
valve provided on the upstream side of the suction 45 
port is opened and the refrigerator is run In the ref- 
rigerating mode to deliver a refrigerant to the heat 
exchanger so as to cool it. Further, the rotor blades 
are rotated to suck a gas into the pump. At this time, 
water vapor contained in the gas is selectively freeze- so 
trapped by the heat exchanger. As a result, the gas 
exhausting performance of the turbomolecular pump 
is improved and it Is therefore possible to produce a 
high vacuum of good quality. A gas having a low 
molecular weight which is not freeze-trapped, for 55 
example, hydrogen, helium, etc., is also cooled by the 
heat exchanger and this brings down the gas tem- 
perature, which in turn results In a reduction In the 
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speed of the gas molecules. Accordingly, the blade 
speed ratio C Increases and the gas exhausting per- 
formance of the turbomolecular pump is improved. 
Thus, it is possible to eliminate the problems 
associated with the conventional turbomolecular 
pump, that is, the inferior performance displayed in 
exhausting gases having low molecular weights, par- 
ticularly water vapor. 

After the gas exhausting operation has been con- 
ducted for a predetermined period of time, it is neces- 
sary to carry out a regenerative operation in which 
water vapor which has been freeze-trapped on the 
heat exchanger is thawed and released, in such a 
regenerative operation, it is only necessary to heat 
the water vapor freeze-trapped on the heat exchanger 
with the gate valve closed. The heating may be effec- 
ted by switching over the operating mode of the ref- 
rigerator from the refrigerating mode to the defrost 
mode to thereby conduct heating through the heat 
exchanger, or by maintaining or lowering the ref- 
rigerating capacity of the refrigerator and effecting, in 
this state, heating in excess of the refrigerating 
capacity by means of a heater provided at the suction 
port. The freeze-trapped water vapor sublimates by 
absorbing heat from either the heat exchanger or the 
heater and is then discharged from the exhaust port 
by the interaction between the rotor and stator blades. 
In this way, the regeneration step is carried out. Thus, 
the time required to switch over to the regeneration 
step and to complete the regeneration Is reduced by 
a large margin. 

The regenerative operation may also be effected 
by just continuing the exhaust operation of the tur- 
bomolecular pump with the gate valve closed. In this 
case, the heating of the water vapor as stated above 
is not necessary. 

This regenerative operation can be conducted by 
the use of the gate valve cut-off time during normal 
operation of a turbomolecular pump In, for example, 
a semiconductor manufacturing process, and this 
makes it possible to run the turbomolecular pump on 
a continuous basis without requiring a specific time 
for regeneration. 

Thus, the present invention provides a tur- 
bonnolecular pump which enables gases having low 
molecular weights, particularly water vapor, to be effi- 
ciently exhausted, while maintaining the advantages 
of the conventional turbomolecular pump, namely, 
that it is easy to start and suspend the operation of the 
system and also possible to run it on a continuous 
basis. It should be noted that the present invention 
enables selection of a desired configuration and he- 
at-exchange area of the heat exchanger on the basis 
of the constituents of a gas to be exhausted and the 
exhaustion time. 

The above and other objects, features and 
advantages of the present invention will become more 
apparent from the following description of the prefer- 
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red embodiments thereof, taken in conjunction witli 
the accompanying drawings, in which like reference 
numerals denote like elements and, of which: 

Fig. 1 is a sectional front view of a conventional 

turbomolecular pump; 

Fig. 2 is a sectional front view of a first embodi- 
ment of the turbomolecular pump according to the 
present invention; 

Fig. 3A is a plan view of one example of the heat 
exchanger shown in Fig. 2; 
Fig. 3B is a front view of the heat exchanger 
shown in Fig. 3A; 

Fig. 4A is a plan view of another example of the 
heat exchanger; 

Fig. 4B is a sectional front view of the heat 
exchanger taken along line IV - IV in Fig. 4A; 
Fig. 5A is a plan view of still another example of 
the heat exchanger; 

Fig. 5B Is a sectional front view of the heat 
exchanger taken along line V - V in Fig. 5A; 
Fig. 6 is a graph showing the saturated vapor 
pressure of water vapor; and 
Fig. 7 is a sectional front view of a second embo- 
diment of the present invention. 
Embodiments of the present invention will be des- 
cribed herelnunder in detail with reference to Figs. 2 
to 7. 

Fig. 2 shows a first embodiment of the present 
invention. A turbomolecular pump which is generally 
denoted by the reference numeral 20 has a rotor 24 
provided with a plurality of rotor blades 22 and a 
spacer 28 having a plurality of stator blades 26 
attached thereto, each stator blade 26 being disposed 
between a pair of adjacent rotor blades 22. The rotor 
24 is secured to a motor shaft 32 of a motor 30. The 
spacer 28 is fixed within a casing 34. The casing 34 
is provided with a suction port 36 and an exhaust port 
38. A protective net 40 for protecting the rotor and 
stator blades 22 and 26 is provided on the down- 
stream side of the suction port 36 (i.e., the side of the 
suction port 36 which is closer to the exhaust port 38 
as viewed in the direction of the flow of gas) a nd at the 
upstream side of the rotor and stator blades 22 and 
26. A gate valve (not shown) is disposed on the 
upstream side of the suction port 36. 

In addition to the above-described arrangement, 
the turbomolecular pump 20 shown in Fig. 2 has a 
heat exchanger 42 which is provided at the suction 
port 36. The heat exchanger 42 is connected to a ref- 
rigerator 46 through a refrigerant pipe 44. The ref- 
rigerator 46 is of the type in which either a 
low-temperature refrigerant fluid or an ordinary-tem- 
perature refrigerant fluid (or hot gas) can be selec- 
tively supplied through the refrigerant pipe 44 by 
actuating a selector valve incorporated therein (not 
shown), thereby enabling the refrigerating mode and 
the defrost mode to be switched over from one to the 
other within a short time, as is disclosed, for example. 



in United States Patent No. 4,176,526. 

The heat exchanger 42 shown in Fig. 2 may be 
arranged as shown in Figs. 3A to 5B. The heat 
exchanger 42A shown In Figs. 3A and 38 comprises 
5 a flat heat transfer coil 72 and a plurality of heat trans- 
fer plates 74 blazed on upper and lower sides of said 
heat transfer coil in spaced relationship to each other 
so that gas molecules sucked in from said suction port 
pass therebetween. The exchanger 42A is supplied 
10 with a cooled refrigerant through the refrigerant pipe 
44 (see Fig. 2) from the refrigerator 46 (see Fig. 2). 
The refrigerant enters the heat exchanger 42A 
through a refrigerant inlet 70, cools the heat transfer 
coil 72 and heat transfer plates 74 and returns to the 
15 refrigerator 46 from a refrigerant outlet 76. When 
water vapor molecules collide with the cooled heat 
transfer coil 72 and the cooled heat transfer plates 74, 
the molecules are freeze-trapped with a predeter- 
mined probability. It should be noted that the arrow A 
20 shown in Fig. 3B indicates the flow of gas that is 
sucked into the turbomolecular pump 20. 

The heat exchanger 42B that is shown in Figs. 4A 
and 4B, comprises a cylindrical heat transfer coll 72', 
a cylindrical heat transfer member 74' concentrically 
25 encircling said heat transfer coil, and a plurality of 
radial heat transfer plates 74" blazed between said 
heat transfer coil 72' and heat transfer member 74'. 
The heat transfer coll 72', heat transfer member 74' 
and heat transfer plates 74" are disposed parallel to 
30 the flow of gas molecules sucked in firom said suction 
port, minimizing the flow resistance. 

In the heat exchanger 42C shown in Figs. SAand 
5B, a cylindrical heat shield member 78 is concentri- 
cally attached by means of plates 79 to the outside of 
35 a heat exchanger 42C having the same arrangement 
as that shown in Figs. 4A and 4B and serves to mini- 
mize heat loss (absorption of heat) due to radiation 
heat transfer. 

The operation of the embodiment shown In Fig. 2 
40 will next be explained. To carry out the exhaust step, 
the gate valve (not shown) provided on the upstream 
side of the suction port 36 is opened and the ref- 
rigerator 46 is run in the refrigerating mode to supply 
low-temperature refrigerant to the heat exchanger 42. 
45 In addition, the motor 30 Is rotated to suck in a gas 
through the suction port 36. In consequence, water 
vapor contained in the gas is freeze-trapped by the 
heat exchanger 42. As a result, the gas exhausting 
efficiency of the turbomolecular pump shown in Fig. 
so 2 increases, so It is possible to obtain a high vacuum 
of good quality. Gas molecules (hydrogen, helium, 
etc) having low molecular weights, exclusive of water 
vapor, are not freeze-trapped, but the gas tempera- 
ture lowers through collision or contact of these gas 
55 molecules with the heat exchanger 42, so that the 
blade speed ratio Increases and thus the gas exhaust- 
ing performance of the pump 20 Is improved. 

Referring to Fig. 6, which Is a graph showing the 
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saturated vapor pressure of water vapor, at S5°C the 
saturated vapor pressure of water vapor is 10-^ Torr 
(10-^mmHg). andat-140°C, 10-ioTorr (10-iOmmHg). 
Therefore, as will be understood from the graph, the 
strength of the resulting vacuunn is increased by con- 
ducting the gas exhausting operation while freeze- 
trapping water vapor. 

Noting that the graph of Fig. 6 shows equilibrium 
conditions, it is considered necessary to cool water 
vapor to tennperatures lower than the temperature 
range of from -85^C to -AAQ°C in order to obtain a 
vacuum pressure range of from 10-* Torr to 10-^° jorr 
in the light of the need for mechanical efficiency, etc. 
For this reason, the embodiment shown in Fig. 2 
employs a refrigerant source that provide temperat- 
ures of from -100°C to -IQO^'C. 

To conduct a regenerative operation for thawing 
and releasing the freeze-trapped molecules after the 
gas exhausting operation has been carried out for a 
predetermined period of time by use of the tur- 
bomolecular pump 20 shown in Fig. 2, the gate valve 
(not shown in Fig. 2 but identical with the member 
denoted by reference numeral 90 in Fig. 7) which is 
disposed on the upstream side of the suction port 36 
is closed and the refrigerator 46 is switched to the def- 
rost mode, thereby supplying an ordinary-temperat- 
ure refrigerant fluid or hot gas to the heat exchanger 
42 so as to heat it. As a result, the water vapor free- 
ze-trapped on the heat exchanger 42 sublimates by 
absorbing heat from the heat exchanger 42 and is 
then discharged by the interaction between the rotor 
blades 22 and the stator blades 26. 

A second embodiment of the present Invention 
will next be explained with reference to Fig. 7. In Fig. 
7, members which are the same as those shown In 
Fig. 2 are denoted by the same reference numerals. 

In the embodiment shown in Fig. 7, a heater 52 is 
provided at the suction port 36 in addition to the heat 
exchanger 42. The refrigerator 46A need not neces- 
sarily be capable of defrosting. In this embodiment, 
the exhaust step is the same as that in the embodi- 
ment shown in Fig. 2, but in the regeneration step, 
with the refrigerating capacity of the refrigerator 46A 
maintained or lowered, heating is conducted in 
excess of the refrigerating capacity by means of the 
heater 52. As a result, the water vapor that has been 
freeze-trapped on the heat exchanger 42 is subli- 
mated on being heated by the heater 52 and is dis- 
charged by the Interaction between the rotor and 
stator blades 22 and 26. It should be noted that the 
reference numeral 90 shown in Fig. 7 denotes a gate 
valve, and 92 a vacuum vessel or a pipe which is con- 
nected thereto. 

In this embodiment, it is unnecessary to switch 
over the operating mode of the refrigerator between 
the refrigerating mode and the defrost mode and there 
is therefore no need for a long rise time as would 
otherwise be required when the operating modes are 
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switched over from one to the other. Thus, it is poss- 
ible to further increase the efficiency of the operating 
cycle comprising the exhaust step and the regener- 
ation step. 

5 The regenerative step may also be conducted by 

just closing the gate valve and continuing the exhaust 
operation of the turbomolecular pump. Namely, in the 
turbo molecular pump shown in Fig. 7, when the gate 
valve is closed and the exhaust operation of the tur- 

10 bomolecular pump is continued, the vapor pressure in 
a space downstream of the suction port 36, i.e. a trap 
room, is reduced and sublimation of the water vapor 
freeze-trapped on the heat exchanger 42 is thereby 
caused or increased. For example, suppose the tem- 

15 perature in the trap room is -120 °C and the water 
vapor pressure in the trap room before closing the 
gate valve is 6 x 10-^ Torr (point A in Fig. 6). In this 
state, if the gate valve is closed and the exhaust oper- 
ation is continued, the water vapor pressure in the trap 

20 room would be reduced to about 1x10-* Torr (point 
B in Fig. 6). Thus, the water vapor freeze-trapped on 
the heat exchanger 42 is sublimated and discharged 
by the interaction between the rotor and stator blades 
22 and 26 to provide a regenerative operation. 

25 Such a regenerative operation does not need the 

switching over of the refrigerator 46A between the ref- 
rigerating mode and the defrost mode, as is needed 
in the first embodiment, or the heating of the heat 
exchanger 42, as is needed in the second embodi- 

30 ment. Thus there is no need for a specific time to be 
used solely for the regenerative step. The regenera- 
tive operation can be conducted by the use of the gate 
valve cut-off time during a normal driving process of 
a turbomolecular pump in, for example, a semlcon- 

35 ductor manufacturing process. Thus, it is possible to 
operate the turbomolecular pump on a continuous 
basis and to further increase the efficiency of the tur- 
bomolecular pump as compared with the first and 
second embodiments. 

40 As has been described above, it is possible 

according to the turbomolecular pump of the present 
invention to eliminate the problems caused by the 
existence of gas molecules having low molecular 
weights, particularly water vapor contained in the gas 

45 which is to be exhausted, and yet to enable the oper- 
ation of the system to be readily started and suspen- 
ded. Accordingly, it is possible to obtain a high 
vacuum of good quality within a short period of time. 
In addition, the turbomolecular pump according to 

so the present invention is provided with an independent 
heat exchanger not for the purpose of cooling a part 
of a constituent element of the pump, for example, the 
casing or stator blades, but for the purpose of freeze- 
trapping gas molecules. It is therefore possible to 

55 select a desired configuration and heating area of the 
heat exchanger on the basis of the constituents of the 
gas to be exhausted and the exhaustion time. 

Although the present invention has been des- 
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cribed through specific terms, it should be noted here 
that the described embodiments are not exclusive and 
that various changes and modifications may be 
imparted thereto without departing from the scope of 
the invention which is limited solely by the appended 
claims. 



Claims 

1 . A turbomolecular pump having a rotor provided 
with a plurality of rotor blades and a spacer provided 
with a plurality of stator blades so that gas molecules 
are sucked in from a suction port, compressed and 
discharged from an exhaust port by the interaction be- 
tween said rotor and stator blades, wherein the 
improvement comprises: 

a heat exchanger provided inside said suction 
port, said heat exchanger being connected to a ref- 
rigerator through a refrigerant pipe; and 

a gate valve provided on the upstream side of 
said suction port. 

2. A turbomolecular pump as claimed in Claim 1 , 
wherein said refrigerator has the capability of supply- 
ing a refirigerant cooled to firom about -lOO^'C to about 
-190*>C. 

3. A turbomolecular pump as claimed in Claim 1, 
wherein said refrigerator is capable of defrosting. 

4. A turbomolecular pump as claimed in Claim 1, 
wherein said turbomolecular pump further comprises 
a heater inside said suction port. 

5. A turbomolecular pump as claimed in Claim 1, 
wherein said heat exchanger comprises a flat heat 
transfer coil and a plurality of heat transfer plates 
blazed on upper and lower sides of said heat transfer 
coil in spaced relationship to each other so that gas 
molecules sucked in from said suction port pass 
therebetween. 

6. A turbomolecular pump as claimed in Claim 1, 
wherein said heat exchanger comprises a cylindrical 
heat transfer coil, a cylindrical heat transfer member 
concentrically encircling said heat transfer coil and a 
plurality of radial heat transfer plates blazed between 
said heat transfer coil and heat transfer member, said 
heat transfer coil, heat transfer member and heat 
transfer plates being disposed parallel to the flow of 
gas molecules sucked In from said suction port. 

7. A turbomolecular pump as claimed in Claim 6, 
wherein said heat exchanger further comprises a 
cylindrical heat shield member concentrically encircl- 
ing and attached to the outside of said cylindrical heat 
transfer member. 

8. A method of operating a turbomolecular pump 
comprising: 

an exhaust step in which a gate valve provided 
at the upstream side of a suction port is opened and, 
in this state, water vapor is freeze-trapped by a heat 
exchanger provided inside said suction port; and 



a regeneration step in which, with said gate 
valve closed, the water vapor freeze-trapped is 
thawed and released. 

9. A method of operating a turbomolecular pump 

5 as claimed in Claim 8, wherein said heat exchanger 
is connected to a refrigerator through a refrigerant 
pipe, and said regeneration step includes a step of 
switching over said refrigerator from a refrigerating 
mode to a defrost mode. 

10 1 0. A method of operating a turbomolecular pump 

as claimed in Claim 8, wherein said heat exchanger 
is connected to a refrigerator through a refrigerant 
pipe, said turbomolecular pump includes a heater 
inside said suction port, and said regeneration step 

15 includes a step of heating said heater in excess of the 
refrigeration capacity of said refrigerator with the ref- 
rigerating capacity of said refrigerator maintained or 
lowered. 

11 . A method of operating a turbomolecular pump 
20 as claimed in Claim 8, wherein said regeneration step 
is conducted by continuing the exhaust operation of 
said turbomolecular pump with said gate valve 
closed. 

25 

Patentanspruche 

1. Turbomolekularpumpe miteinem Rotor, dermit 
einer Vielzahl von Rotorschaufein versehen ist und 

30 mit einem Abstandselement vorgesehen mit einer 
Vielzahl von Statorschaufein, so da& Gasmolekule 
von einem Ansauganschlull her eingesaugt, kompri- 
miert und von einem AusstoHanschluf^ abgegeben 
werden, und zwar durch die Wechselwirkung zwi- 

35 schen dem Rotor- und den Statorschaufein, wobei die 
Verbesserung fotgendes aufweist: 

einen Warmeaustauscher vorgesehen inner- 
hat b des Ansauganschlul^es und zwar verbunden mit 
einer Kuhlvorrichtung uber ein Kuhlrohn und 

40 ein Torventil vorgesehen an derstromauf warts 

gelegenen Seite des Sauganschlufles. 

2. Eine Turbomolekularpumpe nach Anspruch 1, 
wobei die Kuhlvorrichtung die Fahigkeit besitzt ein 
Kuhlmittel zu liefern welches abgekuhlt ist auf einen 

45 Bereich von ungefahr -100*»C bis ungefahr -190*»C. 

3. Eine Turbomolekularpumpe nach Anspruch 1, 
wobei die Kuhlvorrichtung zum Entfrosten in der Lage 
ist. 

4. Eine Turbomolekularpumpe nach Anspruch 1, 
50 wobei diese ferner innerhalb des Ansauganschlu&es 

eine Heizvorrichtung aufweist. 

5. Eine Turbomolekularpumpe nach Anspruch 1, 
wobei der Warmeaustauscher eine flache Warme- 
ubertragungsschlange aufweist und eine Vielzahl 

55 von Warmeubertragungsplatten die auf die oberen 
und unteren Seiten der Warmeubertragungsschlan- 
ge in beabstandeter Weise voneinanderderart durch 
Hitzeeinwirkung angebracht sind, da& vom Saugan- 
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schluH hier eingesaugte Gasmolekule dazwischen 
hindurchlaufen. 

6. Eine Turbomolekularpumpe nach Anspruch 1, 
wobei der Warmeaustauscher eine zylindrische War- 
meubertragungsschlange aufweist, ein zylindrisches 5 
Warmeubertragungsglied konzentrisch die Warme- 
ubertragungsschlange angebend und eine Vielzahl 

von radiaten Warmeubertragungsplatten durch Star- 
ke Warmeeinwirkung angeordnet zwischen der War- 
meubertragungsschtange und dem io 

Warnrteubertragungsgl led, wobei die Warmeubertra- 
gungsschlange. das Warmeubertragungsglied und 
die Warmeubertragungsplatten parallel zurStromung 
der Gasmolekule angeordnet sind, die vom Ansaug- 
anschluU her eingesaugt werden. is 

7. Eine Turbomolekularpumpe nach Anspruch 6, 
wobei der Warmeaustauscher ferner ein zylindri- 
sches Warmeschlrmglied aufweist, welches konzen- 
trisch die Aullenseite des zylindrischen 
Warmeubertragungsgtiedes umgibt und daran befe- 20 
stigt ist. 

8. Verfahren zum Betrieb einer Turbomolekular- 
pumpe, wobei folgendens vorgesehen ist: 

ein Ausstofischritt, in dem ein Torventil vorge- 
sehen an der stromaufwarts gelegenen Selte eines 25 
Sauganschtu&es geoffnet wird und wobei in diesem 
Zustand Wasserdampf durch einen Warmeaustausch 
hervorgesehen innerhalb des Ansauganschlul^es 
durch Gefirieren eingefangen wird; und 

ein Regenerationsschritt in dem bei geschlos- 30 
senem Torventil der durch Gefriern eingefangene 
Wasserdampf a ufgetaut und freigegeben wird. 

9. Verfahren zum Betrieb einer Turbomolekular- 
pumpe nach Anspruch 8, wobei der Warmeaustau- 
scher mit einer Kuhlvorrichtung durch ein Kuhlrohr 35 
verbunden ist, und wobei der Regenerationsschritt ei- 
nen Umschaltschritt fur die Kuhlvorrichtung aufweist 

und zwar von einer Kuhlbetriebsart zu einer Entfro- 
stungsbetriebsart. 

1 0. Verfahren zum Betrieb einer Turbomolekular- 40 
pumpe nach Anspruch 8, wobei der Warmeaustau- 
scher mit einer Kuhlvorrichtung durch ein Kuhlrohr 
verbunden ist und wobei die Thermomolekularpumpe 
eine Heizvorrichtung innerhalb des Ansauganschlu&- 

es aufweist und wobei der Regenerationsschritt einen 45 
Schritt des Erhitzens der Heizvorrichtung uber die 
Kuhikapazitat der Kuhlvorrichtung aufweist, wobei 
die Kuhikapazitat der Kuhlvorrichtung beibehalten 
Oder abgesenkt wird. 

1 1 . Verfahren zum Betrieb einer Turbomolekular- so 
pumpe nach Anspruch 8, wobei der Kuhlschritt aus- 
gefuhrt wird durch Fortsetzen des Aussto&vorgangs 

der Turbomolekularpumpe, wobei das Torventil ge- 
schlossen ist. 



107 B1 12 

Revendtcations 

1 . Pompe turbomol6culaire, comprenant un rotor, 
pourvu de plusieurs aubes de rotor, et un manchon 
d*espacement pourvu de plusieurs aubes de stator, 
de sorte que les molecules de gaz sont aspirSes d 
partir d*un orifice d'aspiration, comprimSes et 6va- 
cu^es par un orifice d'^vacuation, sous Teffet de 
rinteraction entre les aubes du rotor et du stator, dans 
laquelle le perfectionnement comprend 

un ^changeurde chaleur, pr^vu ei Tinterieurde 
I'orif ice d'aspiration, cet ^changeur de chaleur Stant 
relid dun r^frig^rateur par un tuyau de refrigerant, et 

un robinet d'arret prevu sur le cote amont de 
I'oriflce d'aspiration. 

2. Pompe turbomoieculaire suivant la revendica- 
tion 1, dans laquelle le r^firigerateur a la capacity de 
fournir un refrigerant refroidr d'environ -1 00 ^'C d envi- 
ron -190 ®C. 

3. Pompe turbomoieculaire suivant la revendica- 
tion 1, dans laquelle le refrigerateur est agence de 
fagon d pouvoirfaire I'objetd'un degivrage. 

4. Pompe turbomoieculaire suivant la revendica- 
tion 1, dans laquelle cette pompe turbomoieculaire 
comprend en outre un dispositif de chauffage dispose 
d rinterieurde Torifice d'aspiration. 

5. Pompe turbomoieculaire suivant la revendica- 
tion 1, dans laquelle rechangeur de chaleur 
comprend un serpentin de transfert thermique, de 
forme plane, et plusieurs plaques de transfert therml- 
que f ixees sur les faces superieure et inferieure de ce 
serpentin de transfert thermique suivant une disposi- 
tion espacee entre elles, de sorte que les molecules 
de gaz aspirees d partir de I'orif ice d'aspiration pas- 
sent entre ces plaques. 

6. Pompe turbomoieculaire suivant la revendica- 
tion 1, dans laquelle I'echangeur de chaleur 
comprend un serpentin de transfert thermique, de 
forme cylindrique, une piece de transfert thermique, 
de forme cylindrique et entourant de maniere concen- 
trique ce serpentin de transfert thermique, et plu- 
sieurs plaques radiales de transfert thermique f ixees 
entre le serpentin de transfert thermique et la piece 
de transfert thermique, ces serpentin de transfert 
thermique, piece de transfert thermique et plaques 
de transfert thermique etant disposes paratieiement 
au flux des molecules de gaz aspirees e partir de I'ori- 
f ice d'aspiration. 

7. Pompe turbomoieculaire suivant la revendica- 
tion 6, dans laquelle rechangeur de chaleur 
comprend en outre une piece cylindrique formant 
ecran thermique, entourant de maniere concentrique 
la piece cylindrique de transfert thermique et f ixee sur 
la face exterieure de cette derniere. 

8. Precede pour faire fonctionner une pompe tur- 
bomoieculaire, comprenant 

une operation d'evacuation, dans laquelle on 
ouvre un robinet d'arret prevu sur le cdte amont d'un 
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orifice d'asplration et, dans cet etat. de la vapeur 
d'eau est piegee par le gel au moyen d*un ^changeur 
de chaleur pr6vu ^ I'int6rieur de I'orif ice d'aspiration, 
et 

une operation de r6g6n6ration dans laquelle, 5 
te robinet d'arrel 6lant ferm6, la vapeur d'eau pi6g6e 
par le gel est d6gel6e et Iib6r6e. 

9. Proc6d6 pourfaire fonctionner une pompe tur- 
bomol6culaire suivant la revendication 8, selon lequel 

on branche l'6changeur de chaleur sur un r6frig6ra- io 
teur par I'lnterm^diaire d'un tuyau de r6frig6rant et 
l'op6ration de r6g6n6ration comprend une operation 
consistent d commuter le r6frig6rateur d'un mode 
refrigerant sur un mode de d6givrage. 

10. Precede pour faire fonctionner une pompe 15 
turbomol6culaire suivant la revendication 8, selon 
lequel on branche l'6changeur de chaleur sur un r6fri- 
g6rateur par nnterm6dlaire d'un tuyau de r6frlg6rant, 

la pompe turbomol6culaire comprend un dispositif de 
chauffage dispos6 ^ rint^rieur de Torif Ice d'aspiration 20 
et rop6ration de regeneration comprend une opera- 
tion consistant ^ faire chauffer le dispositif de chauf- 
fage en exces vis-^-vis de la capacite de refrigeration 
du r6frlg6rateur. cette capacite de refrigeration du 
r6frig6raleur 6tant maintenue ou abalss6e. 25 

1 1 . Precede pour faire fonctionner une pompe lur- 
bomoieculaire suivant la revendication 8, selon lequel 
on effectue I'operation de regeneration en poursui- 
vant I'operation d'evacuation de la pompe turbomoie- 
culaire avec le robinet d'arret ferm6. 30 
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Fig. 3 A 




Fig. 3B 
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Fig. 4 A 




42B 



12 



EP 0 332 107 B1 



V 

L 



Fig. 5 A 




V 

.J 
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Fig, 6 

TEMPERATURE ("CI 




14 




15 



4 



